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Abstract. Experimenting new technology of cultivating maize is an important step forward in 
order to optimise the yielding capacity if a crop that ranks second among crops cultivated worldwide 
and first among crops cultivated in Romania. 
Using low frequency radiations to stimulate yield and quality in maize allows increases in 
yield between 10 and 15% compared to the classical cultivation method and an improvement of the 
quality indicators (protein content increased with 6-11% determining an increase of the protein yield 
per ha; starch content increased with 7-14%, which also determined an increase of the starch yield per 
ha; while fat content, another indicator we monitored, increased with 2-6%).  
 




Agriculture evolves in a context characterised by a developing trend and by the 
successful application of the newest knowledge and technologies. 
Such innovations can be obtained through research and development carried out by 
technology-developers – such as universities and research institutions – and by private 
companies that ensure agricultural inputs and agricultural technology allowing the 
achievement of every farmer’s goal – maximising the amount and quality of a crop.  ( Imbrea, 
2010). 
Experimenting new cultivation technologies in maize is an important step towards 
optimising the yielding potential of a crop that ranks second worldwide and first in Romania.  
Using low frequency radiations to stimulate yield and quality in maize results in 
increases in yield ranging between 10 and 15% compared to the classical variant as well as an 
improvement of the quality indicators (protein content, starch, and fats).  
Magnetic field, particularly low frequency radiations, induces whirl currents in 
biological tissues resulting in biological effects. 
Studying the effect of electromagnetic radiations and their effect on the physiological 
mechanisms of living organisms has resulted in an interesting interdisciplinary research area 
named, by many authors in the field, “electromagnetobiology” (Reshetnyak  et.al. 1996). 
The studies carried out lately have shown that non-ionising electromagnetic radiations 
have different effects on living systems depending on the wavelength.  (Monica-Anca Chita, 
2004). 
There are authors claiming that the response of organisms to the action of an 
electromagnetic field is determined partly by their physiological history, partly by their 
genetic predisposition; individual organisms, even if from a population apparently 
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homogeneous, can show changes going oppositely a biological parameter depending on the 
action of the electromagnetic field. (Călugăreanu, 1998). 
Other authors claim that subjecting seeds to electromagnetic radiations results in a 
change of the enzymatic activity.  (Pietruszewski, 2007; Westerhoff,1986). 
In vitro studies have shown changes of enzymatic activity as well as the stimulation of 
biosynthesis processes involving polymerase and free radical RNA. (Devyatkov, 1986; 
Parker, 1997; Ružič, 1998). 
Research in the field of electromagnetic wave stimulation is being carried out at 
present within 6 programmes (Imbrea, 2010), as follows: 
            -    RIES (Radiation impulse electromagnetic stimulation) in seeds; 
- RIES (Radiation impulse electromagnetic stimulation) in seeds and plants; 
- Cold plasma treatment in seed disinfection; 
- Dielectric separation and seed stimulation; 
- Using electromagnetic field interruption (the principle of the Cheops pyramid); 
- The effects of the ultraviolet spectrum. 
 
MATERIALS AND METHODS 
 
The trials were set within the Didactic Station of the Banat University of Agricultural 
Science and Veterinary Medicine in Timisoara (Romania), located in the Banato-Crişană 
Plain, the Câmpia Timişului sub-unit, the Bega – Beregsău interfluves. The Banato-Crişană 
Plain is located in the interference area of western sea air masses and of eastern continental air 
masses, with invasion from southern warm air masses, which deprives plants from soil 
moisture. 
The soil on which we carried out our trials is a cambic chernozem, moist phreatic 
(poorly gleyied), poorly decarbonated, on dusty, clay-argylous loessoid deposits with low 
acidic reaction between 0-20 cm, neutral between 20-57 cm and poorly alkaline between 57-
200 cm; humus content between 0-50 cm is low; humus supply in the first 50 cm is high; 
nitrogen content (I:N) is medium; the soil is medium supplied in mobile phosphorus and 
mobile potassium. Soil texture is medium-fine along the entire soil profile. 
The biological material under study was represented by the maize hybrid PR37Y12. 
In treating the seeds with the electromagnetic wave generator of the Faculty of 
Agriculture in Novi Sad (Serbia) we used 5 wave lengths in our trial.  
Frequency codification under study was: V1- 22 Hz; V2- 22,5 Hz; V3- 23 Hz; V4- 23,5 
Hz; V5- 24 Hz; MT- control (not treated). 
To monitor the impact of electromagnetic waves on yield and quality in maize, we 
organised a bi-factorial trial in which we monitored the impact of treating maize crops with 
low-frequency electromagnetic waves established in the laboratory using the following 
fertilisation levels (to better point out the correlated effect of irradiation and fertilisation on 
yield): N0, N50P100K100, N100P100K100, and N150P100K100. There were three replications. Winter 
wheat was the pre-emergent crop. 
Determining the indicators under study was done in the laboratory for the Testing of 
seed quality and plant material of the Department of Plant Cultivation Technologies of the 
Faculty of Agriculture (Banat University of Agricultural Science and Veterinary Medicine in 






RESULTS AND DISCUSSION 
 
Table 1 shows yield results depending on the fertilization rate and on the experimental 
wave length.Analyzing data shows that yields ranged between 5,568 kg/ha (control variant, 
not fertilised) and 9,920 kg/ha (variant fertilised with N150 P100K100). As for the correlated 
effort of electromagnetic stimulation and of fertilisation, yield increases compared to the 
control (not treated) ranged between 3% (in the variants V2 and V4), 7% (in the variant V1), 
13% (in the variant V5) and 24% (in the variant V3). 
 
Tab. 1 
Maize  harvest (kg/ha) depending on fertilization level  and treatment variant 
 




level MT V1 V2 V3 V4 V5 
Yield 
(kg/ha) 
% Difference Significance 
N0 5568 6300 6055 7245 6020 6650 6454 100    
N50P100K100 7525 7988 7677 9186 7633 8431 8183 127 1729 xx 
N100 P100K100 7826 8307 7984 9553 7938 8769 8510 132 2056 xxx 
N150 P100K100 8127 8627 8291 9920 8243 9106 8837 137 2383 xxx 
 
DL5%= 996 kg/ha ,DL1%= 1310 kg/ha , DL0,1%= 1782 kg/ha . 
 
Yield (kg/ha) 4150 4460 4287 5129 4262 4708 
% 100 107 103 124 103 113 
Difference   311 137 980 112 558 
Significance    
   
xxx     x  
       DL5%= 450 kg/ha, DL1%= 621 kg/ha, DL0,1%= 798 kg/ha . 
 
Table 2 shows results concerning protein content depending on the nitrogen 
fertilisation rate on a constant fund of phosphorus and potassium and on the experimental 
wave length. Average values of protein content depending on fertilisation rate ranged between 
8.05% in the control variant and 8.33% in the variant fertilized with N150 P100K100. 
Thus, the value of protein content increased with 3% (in the variant V4), 4% (in the 
variant V2) with 5-6% (in the variants V5 and V1), and 11% (in the variant V3).  
 
Tab. 2 
Protein content (%),depending on fertilization level  and treatment variant 
 








N0 7,70 8,14 8,01 8,46 7,95 8,02 8,05 100   
N50P100K100 7,79 8,25 8,12 8,58 8,01 8,16 8,15 101 0,10 
N100 P100K100 7,83 8,40 8,20 8,70 8,10 8,30 8,26 103 0,21 
N150 P100K100 7,91 8,44 8,27 8,79 8,21 8,37 8,33 104 0,28 
DL5%= 0,30%,  DL1%= 0,42%, DL0,1%= 0,51%. 
 
Protein content (%) 7,81 8,31 8,15 8,63 8,07 8,21 
% 100 106 104 111 103 105 
Difference   0,50 0,34 0,83 0,26 0,41  
                          DL5%= 0,27, DL1%= 0,31, DL0,1%= 0,45 . 
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Starting from the protein content and from the grain yield, we calculated protein yield 
(Table 3). 
The differences to the control variant ranged between 151 kg/ha (in the variant 
fertilised with N50P100K100), 183 kg/ha (in the variant fertilised with N100 P100K100), and 219 
kg/ha (in the variant fertilised with N150 P100K100). 
Through irradiation, depending on experimental wave length, protein/ha yield 
increased between 45 kg/ha (in the variant V2) and 208 kg/ha (in the variant V3). 
Tab.  3 
Protein production (kg/ha), depending on fertilization level  and treatment variant 
 




level MT V1 V2 V3 V4 V5 
Yield 
(kg/ha) 
% Difference Significance 
N0 429 513 485 613 479 533 509 100    
N50P100K100 586 659 623 788 611 688 659 130 151 x 
N100 P100K100 613 698 655 831 624 728 691 136 183 xx 
N150 P100K100 643 728 686 872 677 762 728 143 219 xxx 
                                                                        DL5%=130 kg/ha, DL1%=172 kg/ha, DL0,1%=216 kg/ha. 
 
Yield (kg/ha) 568 649 612 776 640 678 
% 100 114 108 137 113 119 
Difference   82 45 208 72 110 
Significance  x  xxx x xxx 
              DL5%=65 kg/ha, DL1%= 83 kg/ha, DL0,1%= 107 kg/ha . 
 
Starch content is another determining indicator impacting yield quality. (Table 4). 
Thus, depending on the fertilisation rate, the average values of starch content ranged between 
70.49% (in the control variant), 71.15% (in the variant fertilised with N50P100K100), 71.82% 
(in the variant fertilised with N100 P100K100), and 72.58% (in the variant fertilised with N150 
P100K100) in the treated variants. 
Depending on the wave length, starch content had values ranging between 70.97% (in 
the control variant), 71.17% (in the variant V3), 71.32 (in the variant V2), 71.71% (in the 
variant V1), 71.90% (in the variant V5), and 72.00 (in the variant V4) in the treated variants. 
 
Tab. 4 
Starch content (%),depending on fertilization level  and treatment variant 
 
 B Factor – wave lengths, compared with control A Factor 
Fertilization 




N0 69,85 71,03 70,10 69,99 71,01 70,98 70,49 100   
N50P100K100 71,00 71,15 70,90 70,55 71,68 71,64 71,15 101 0,66 
N100 P100K100 71,10 72,00 71,90 71,30 72,40 72,20 71,82 102 1,32 
N150 P100K100 71,91 72,65 72,37 72,84 72,89 72,79 72,58 103 2,08 
DL5%= 0,48%,  DL1%= 0,57%, DL0,1%= 0,82%. 
Yield (kg/ha) 70,97 71,71 71,32 71,17 72,00 71,90 
%        
Difference  0,74 0,35 0,20 1,03 0,94  
       DL5%= 0,36, DL1%= 0,51, DL0,1%= 0,62 . 
 
On the ground of starch content and of grain yield, we calculated starch yield/ha which 
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depending on the fertilization rate had average values ranging between 4,446 kg/ha (in the 
control variant), 5,743 kg/ha (in the variant fertilised with N50P100K100), 6,029 kg/ha (in the 
variant fertilised with N100 P100K100) and 6,329 kg/ha (in the variant fertilised with N150 
P100K100). The correlated effect of fertilisation and of electromagnetic stimulation resulted in 
higher starch yields compared to the control variant: 197-215 kg/ha (in the variants V2 and 
V4), 441 kg/ha (in the variant V1), 770 kg/ha (in the variant V5), and 1,237 kg/ha (in the 
variant V3). 
Tab. 5 
Starch production (kg/ha), depending on fertilization level  and treatment variant 
 




level MT V1 V2 V3 V4 V5 
Yield 
(kg/ha) 
% Difference Significance 
N0 3890 4475 4245 5071 4275 4720 4446 100    
N50P100K100 5343 5683 5443 6480 5471 6040 5743 129 1298 xxx 
N100 
P100K100 5564 5981 5740 6811 5747 6331 6029 136 1583 xxx 
N150 
P100K100 5844 6267 6000 7226 6008 6628 6329 142 1883 xxx 
 
                                                     DL5%=650 kg/ha, DL1%=889 kg/ha, DL0,1%=1195 kg/ha. 
 
Yield 
(kg/ha) 5160 5602 5357 6397 5375 5930 
% 100 109 104 124 104 115 
Difference   441 197 1237 215 770 
Significance  x  xxx  xx  
         DL5%=435 kg/ha, DL1%= 651 kg/ha, DL0,1%= 827 kg/ha . 
 
The correlated effect of fertilisation and of irradiation on fats content is shown in 
Table 6 and it ranged between the following average values: 4.08% (in the control variant), 
4.12% (in the variant fertilised with N50P100K100), 4.15% (in the variant fertilised with N100 
P100K100), and 4.19 (in the variant fertilised with N150 P100K100). Depending on the rate of 
electromagnetic stimulation, fats content compared to the control variant had values ranging 
between 4.09% (in the variants V1 and V3), 4.10% (in the variant V5), and 4.27% (in the 
variants V2 and V4). 
Tab.6 
                        Fats content (%),depending on fertilization level  and treatment variant 
 
  








N0 3,95 4,04 4,21 4,06 4,20 4,04 4,08 100   
N50P100K100 3,98 4,08 4,25 4,08 4,26 4,06 4,12 101 0,04 
N100 P100K100 4,00 4,10 4,30 4,10 4,30 4,10 4,15 102 0,07 
N150 P100K100 4,03 4,13 4,31 4,12 4,32 4,21 4,19 103 0,10 
DL5%= 0,07%,  DL1%= 0,157%, DL0,1%= 0,21%. 
Yield (kg/ha) 3,99 4,09 4,27 4,09 4,27 4,10 
%        
Difference  0,10 0,28 0,10 0,28 0,11 
       DL5%= 0,12, DL1%= 0,15, DL0,1%= 0,18 . 
 
Fats yield calculated on the ground of grain yield and fats content depending on 
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fertilization and on experimental wave length is shown in Table 7. Average values of the fats 
yield depending on the fertilisation rate ranged between 258 kg/ha (in the control variant), 332 
kg/ha (in the variant fertilised with N50P100K100), 348 kg/ha (in the variant fertilised with N100 
P100K100), and 365 kg/ha (in the variant fertilised with N150 P100K100). 
 
Tab.  7 
Fats production (%),depending on fertilization level  and treatment variant 
 




level MT V1 V2 V3 V4 V5 
Yield 
(kg/ha) 
% Difference Significance 
N0 220 255 255 294 253 269 258 100    
N50P100K100 299 326 326 375 325 342 332 129 75 xxx 
N100 
P100K100 313 341 343 392 341 360 348 135 91 xxx 
N150 
P100K100 328 356 357 409 356 383 365 142 107 xxx 
 
                                                      DL5%=35 kg/ha, DL1%=51 kg/ha, DL0,1%=67 kg/ha. 
 
Yield 
(kg/ha) 166 182 183 210 182 193 
% 100 110 111 127 110 117 
Difference   17 17 44 16 28 
Significance  x x xxx x xx  





The present study shows the beneficial effect produced by low frequency 
electromagnetic radiations on certain indicators that we have monitored. 
The correlative effect of mineral fertilisation and of low frequency electromagnetic 
waves confirms the importance and applicability method. 
Among relevant results in this respect we would like to mention the following: 
-the opportunity of using treated seeds that, for various reasons, could not be used in feed or     
food because they could not prove their toxicity; 
-producing yield increases between 10 and 15%; 
-taking into account the supplementary cost of applying this method (5 Euro/ha), the value of 
the results is much higher and with real chances to be applied in practice. 
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